into consideration cover crops such as rye (Secale cereale L.), buckwheat (Fagopyrum esculentum Moench.), white mustard (Sinapis alba L.) and sunflower (Helianthus annuus L.). The conventional cultivation, i.e. without any cover crops, was the control. The experiment was established in a split-plots scheme, in four replications.
Laborator y analysis. The microbiological analysis of the soil of particular experimental treatments was made according to the method described by Patkowska (2009a,b) and Patkowska and Konopiński (2014a) . The soil was sampled from each experimental treatment from four randomly chosen places. It served to establish the total populations of bacteria, the populations of Pseudomonas spp. and the spores of Bacillus spp. in 1 g dry weight (DW) of the soil. After preparing the proper dilutions of the soil solution, the total number of bacteria was marked on the nutrient agar. Tryptic soy agar was used to determine the number of Bacillus spp. bacteria, and Pseudomonas agar F was used for Pseudomonas spp. For isolation of Bacillus spp. soil dilutions were heated for 20 min at 80°C. After the incubation, the number of bacteria was converted into CFU/g of soil DW (colony forming units/g dry weight (DW) of soil).
In each studied year, the obtained isolates of Bacillus spp. and Pseudomonas spp. (300 isolates from each genus) were used to establish their antagonistic effect towards fungi such as Altenaria dauci, A. radicina, Fusarium oxysporum, F. solani, Rhizoctonia solani and Sclerotinia sclerotiorum (isolated from the infected carrot roots). The antagonistic effect of the studied bacteria on pathogenic fungi was established according to the method and scale described by Konopiński (2013a, 2014a) and Patkowska and Błażewicz-Woźniak (2014) . It took into consideration five degrees, i.e. 1° -no inhibition zone; 2° -inhibition zone of 1-2 mm; 3° -inhibition zone of 3-5 mm; 4° -inhibition zone of 6-10 mm, 5° -inhibition zone of over 10 mm.
Statistical analysis. The population of bacteria was statistically analysed, and the significance of differences was determined on the basis of the Tukey's confidence intervals (P < 0.05). Statistical calculations were carried out using the Statistica program, version 6.0 (StatSoft Inc., Krakow, Poland).
RESULTS AND DISCUSSION
The studies showed that rye used as an intercrop plant in the cultivation of carrot had the most positive effect on the development of bacteria in the soil. White mustard, buckwheat and sunflower also showed a positive influence on the populations of the studied soil-borne bacteria. The total population of bacteria after the application of buckwheat was the highest (9.05 × 10 6 CFU/g of soil DW) and it differed in a statistically significant manner from the populations in the other experimental treatments (Figure 1) . The smallest population of total Figure 1 . Total number of (a) bacteria and (b) Bacillus spp. and Pseudomonas spp. isolated from the soil of particular experimental treatment (means from the years 2010-2012). 1 -soil after rye cultivation; 2 -soil after buckwheat cultivation; 3 -soil after white mustard cultivation; 4 -soil after sunflower cultivation; 5 -soil without cover crops cultivation. Means differ significantly (P < 0.05) if they are not marked with the same letter. CFU -colony forming units; DW -dry weight were isolated from the studied soil samples. The largest population of those microorganisms was found in the soil with rye as an intercrop plant (5.94 × 10 6 and 2.17 × 10 6 CFU/g of soil DW, respectively) and it significantly differed from the population in the other experimental treatments. A little smaller populations of Bacillus spp. and Pseudomonas spp. were obtained after white mustard (3.53 × 10 6 and 0.81 × 10 6 CFU/g of soil DW, respectively), buckwheat (2.88 × 10 6 and 0.6 × 10 6 CFU/g of soil DW, respectively) and sunflower (2.73 × 10 6 and 0.38 × 10 6 CFU/g of soil DW, respectively) ( Figure 1 ). A similar effect on the population of the studied soil-borne bacteria was shown by oats, tansy phacelia and vetch used as plant mulches in the cultivation of root chicory, carrot and scorzonera Konopiński 2013a,b, Patkowska et al. 2017) . These plant species also favoured the development of antagonistic microorganisms in carrot cultivation (Patkowska and Błażewicz-Woźniak *1 -effect of antagonistic activity; *2 -total effect of antagonistic activity (*2 = number of antagonistic isolates × *1)
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Vol. 64, 2018, No. 3: 120-125 Plant Soil Environ. *1 -effect of antagonistic activity; *2 -total effect of antagonistic activity (*2 = number of antagonistic isolates × *1) 2014). The earlier studies showed that oats, vetch and tansy phacelia promoted the development of Bacillus spp. and Pseudomonas spp. and were the most effective in limiting the growth and development of F. oxysporum and R. solani (Patkowska et al. 2017) . Laboratory tests showed that Bacillus spp. and Pseudomonas spp. obtained from the soil after the application of rye and white mustard as intercrop plants had the highest antagonistic effect on all studied fungi pathogenic towards carrot. The values of this effect were 4474 and 1834 (Tables 1  and 2 ). A slightly smaller antagonistic effect was shown by the bacteria isolated from the soil after the cultivation of buckwheat and sunflower (1211 and 972, respectively) ( Tables 1 and 2 ). The smallest antagonistic effect (297) was found for the control (Table 2 ). Other species (tansy phacelia, vetch, oats) used as cover crops in the cultivation of scorzonera and salsify had a positive effect on the antagonistic activity of Bacillus spp. and Pseudomonas spp. towards pathogenic fungi, especially F. oxysporum and R. solani (Patkowska and Konopiński 2014a,b) . The earlier studies showed that these bacteria inhibited the growth of polyphagous pathogens F. oxysporum and R. solani more than Alternaria dauci and A. radicina typical for carrots (Patkowska et al. 2017) .
Antagonistic Bacillus spp. and Pseudomonas spp. limited the growth of F. solani the most. The value of the antagonistic effect of bacteria towards this pathogen ranged from 1067 (after the application of rye) to 81 (control) (Tables 1-2 ). The studied bacteria also effectively limited the growth of F. oxysporum and R. solani. The antagonistic effect towards those fungi ranged from 878 to 56 and from 903 to 61, respectively (Tables 1-2). All experimental treatments revealed a slightly smaller antagonistic effect of Bacillus spp. and Pseudomonas spp. towards A. dauci and A. radicina. The tested bacteria worst inhibited the growth of S. sclerotiorum. The values of the antagonistic effect of bacteria towards this fungus in the treatments after the application of rye, white mustard, buckwheat and sunflower were 381, 174, 110 and 107, respectively (Tables 1-2) . Antagonistic Bacillus spp. and Pseudomonas spp. isolated from the soil after the cultivation of oats, tansy phacelia and vetch limited the growth of the tested pathogenic fungi in a similar manner (Patkowska and Konopiński 2014a,b,c) . The earlier studies showed that the antagonistic effect of soilborne Bacillus spp. and Pseudomonas spp. towards the tested fungi in the cultivation of carrot was the largest after the application of oats and vetch as intercrop plants (Patkowska et al. 2017) .
In each experimental treatment, the antagonistic effect of Bacillus spp. towards the tested fungi was significantly smaller than the antagonistic effect of Pseudomonas ssp.
A great effect of the studied bacteria towards Fusarium spp., Rhizoctonia solani and Alternaria alternata was confirmed also by other authors (Killani et al. 2011 , Adhikari et al. 2013 , Jankiewicz et al. 2013 , Bhattacharjee and Dey 2014 , Maurya et al. 2014 . The earlier studies showed the high harmfulness and significance of the tested pathogens, especially Altenaria ssp., F. oxysporum, R. solani and S. sclerotiorum, for root vegetables Konopiński 2013c,d, 2014b) . These fungi infected the roots of seedlings and older plants of salsify, root chicory, scorzonera and carrot (Mazur and Nawrocki 2007 , Patkowska and Konopiński 2008a ,b, 2011 . According to Pięta and Kęsik (2007) , antagonistic saprotrophic microorganisms occurring in the soil, especially in the root zone, protect plant roots from infection by pathogenic fungi and bacteria, which is very important in the cultivation of root vegetables. They can be successfully used to protect carrot against alternariosis, fusariosis, rhizoctoniosis and white mould (Mazur and Nawrocki 2007, Patkowska and Błażewicz-Woźniak 2014) .
